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c h o n d r i a ,  a re  u s u a l l y  p r e s e n t  n e a r  gap  j u n c t i o n s  b u t  n o t  
n e a r  s i m p l e  a p p o s i t i o n s .  T h e  f a c t  t l l a t  t h e  t w o  d i s t i n c t  
t y p e s  of  j u n c t i o n s  o c c u r  w i t h i n  t h e  s a m e  b l o o d  vessel ,  or  
in t w o  d i f f e r e n t  k i n d s  of  s m o o t h  m u s c l e  w i t h i n  t h e  s a m e  
t i s sue  sec t ions ,  a r gues  a g a i n s t  t h e  p o s s i b i l i t y  t h a t  t h e y  
r e p r e s e n t  t h e  s a m e  t y p e  of  c o n t a c t  w h i c h  h a s  b e e n  
a l t e r e d  b y  c o n d i t i o n s  of  f i x a t i o n .  P r e s u m a b l y ,  s i m p l e  

a p p o s i t i o n s ,  t h e  o n l y  c o n t a c t s  p r e s e n t  in  t e r m i n a l  a r t e -  
r ioles ,  a re  i n v o l v e d  in ce l l - to-ce l l  p r o p a g a t i o n  of  a c t i v i t y  ~0. 

Zusammen/assung. N a c h w e i s ,  da s s  in  A r t e r i o l e n  sowie  
in  p r ~ k a p i l l a r e n  A r t e r i o l e n  des  H u n d e - D u o d e n u m s  n u r  
e ine  e i n f a c h e  A n e i n a n d e r l a g e r u n g  de r  Muske l ze l l en  
e r fo lg t  u n d  ke ine  <~gap junc t ions~ ,  wie  sie in d e n  Muske l -  
s c h i c h t e n  d e r  H o h l w a n d o r g a n e  v o r h a n d e n  s ind .  
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Septate-Like Junctions Between Spermatogonia 

Since  t h e  f i r s t  d e s c r i p t i o n  of s e p t a t e  d e s m o s o m e s  
b e t w e e n  a d j a c e n t  e p i t h e l i a l  cells  of  t h e  H y d r a  b y  WOOD 1, 
s e p t a t e  j u n c t i o n s  h a v e  b e e n  f o u n d  b e t w e e n  v a r i o u s  
e p i t h e l i a l  ceils  of  i n v e r t e b r a t e s  2 -n .  F r o m  s t u d i e s  on  
s e c t i o n s  t a n g e n t i a l  to  t h e  p l a s m a  m e m b r a n e ,  i t  h a s  
b e c o m e  e v i d e n t  t h a t  t h e  s e p t a  f o r m  a wel l  d e f i n e d  h e x a -  
g o n a l  n e t w o r k .  T h e  f u n c t i o n a l  s i g n i f i c a n c e  of  t h e s e  
j u n c t i o n s  is n o t  fu l ly  u n d e r s t o o d .  T h e y  w e r e  i n i t i a l l y  
t h o u g h t  to  be  t h e  o n l y  s i t e s  of  low e lec t r i ca l  r e s i s t a n c e  ~2, ~3. 
B u t  r e c e n t  r e p o r t s  h a v e  i n d i c a t e d  t h a t  m a c u l a r  g a p  
j u n c t i o n s ,  w h i c h  h a v e  b e e n  i m p l i c a t e d  in  l ow r e s i s t a n c e  
c o u p l i n g  of  v e r t e b r a t e  t i s sues ,  can  a lso  be  f o u n d  a l o n g  
w i t h  s e p t a t e  j u n c t i o n s  in i n v e r t e b r a t e  e p i t h e l i a  s - l~  14-16 

A l t h o u g h  s e p t a t e  j u n c t i o n s  w e r e  o r i g i n a l l y  t h o u g h t  t o  
be  a u n i q u e  f e a t u r e  of  i n v e r t e b r a t e  e p i t h e l i a l  cells,  t h e y  
h a v e  n o w  b e e n  r e p o r t e d  in  s eve ra l  v e r t e b r a t e  t i s sues .  
LASANSKu e t  al. i7 f o u n d  t h e m  a t  s y n a p t i c  e n d i n g s  of  t h e  
t u r t l e  v i su a l  cells,  GOBEL lS in  t h e  b a s k e t  f o r m a t i o n  of  t h e  
c a t  c e r e b e l l a r  c o r t ex ,  a n d  SOTELO a n d  LLINAS19 in  t h e  
c e r e b e l l a r  c o r t e x  of  r a t s  a n d  ca t s .  T h e  m o r p h o l o g i c a l  
f e a t u r e s  of t h e  j u n c t i o n s  b e t w e e n  n e u r o n a l  e l e m e n t s  of  
v e r t e b r a t e s  c los ly  r e s e m b l e  t h o s e  d e s c r i b e d  for  i n v e r t e -  
b r a t e s .  Y e t ,  t h e r e  a re  s o m e  d i f f e r e n c e s  w i t h  r e g a r d  to  
t h e i r  l e n g t h  a n d  t r e q u e n c y  of o c c u r r e n c e .  T h e  wel l  
d o c u m e n t e d  s e p t a t e  j u n c t i o n s  b e t w e e n  cells  of  t h e  r a t  
a d r e n a l  c o r t e x  r e p o r t e d  b y  FRIEND a n d  GILULA 2~ s e e m  to  

in Human Seminiferous Epithelium 

be  rea l  s t r u c t u r e s ,  a l t h o u g h  t h e y  d i f f e r  f r o m  t h e  s e p t a t e  
d e s m o s o m e s  of  i n v e r t e b r a t e s  w i t h  r e g a r d  to  p e r i o d i c i t y  
a n d  s t r u c t u r e  of  t h e  s ep ta .  
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Fig. 1. Electron micrograph showing a contact area between 2 type A spermatogonia in a patient with impaired fertility. At 1 the inter- 
cellular space is narrowed and bridged by 3 septa. The apposed plasma membranes are densified, and subjacent to them condensa- 
tions of cytoplasmic material are evident. The numbers 2 indicate other accumulations of cytoplasmic material and vague intercellular 
structures. At 3 an undetermined contact area is seen. • 150,000. 
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D u r i n g  our  u l t r a s t r u c t u r a l  i n v e s t i g a t i o n  on  cell con t ac t s  
in h u m a n  semini ferous  ep i the l ium,  s ep t a t e  j u n c t i o n s  
b e t w e e n  s p e r m a t o g o n i a  were obse rved  in two cases, wh ich  
are r epo r t ed  in th i s  paper .  

Mater ia l  and methods. Tes t i cu la r  b iopsies  f rom a 27- 
year -o ld  p a t i e n  t w i t h  impa i r ed  fe r t i l i ty  a n d  varicocele,  
and  n o r m a l  t e s t i cu la r  t i s sue  f rom a 34-year-old car  
acc iden t  v ic t im,  excized i m m e d i a t e l y  a f te r  dea th ,  were  
s tudied.  The  b iopsy  m a t e r i a l  was f ixed b y  i m m e r s i o n  in 
2% g l u t a r a l d e h y d e  buf fe red  a t  p H  7.4 w i t h  0.1 M sod ium 
cacodyla te .  N o r m a l  t e s t i cu l a r  t i ssue  was f ixed b y  vascu la r  
per fus ion  w i t h  a so lu t ion  c o n t a i n i n g  2.5 % g l u t a r a l d e h y d e  
a n d  2.5~o f o r m a l d e h y d e  buf fe red  a t  p H  7.4 w i t h  0.1 M 
p h o s p h a t e  (for de ta i l s  see reference 21). T h i n  sect ions  were 
e x a m i n e d  wi th  a Ph i l ips  EM 201 microscope.  

Observations. In  t he  b iopsy  m a t e r i a l  f rom the  p a t i e n t  
w i t h  impa i r ed  fer t i l i ty ,  s ep t a t e  j u n c t i o n s  are occas ional ly  
found  be tween  t y p e  A spe rma togon ia .  I n  areas  where  t h e  
apposed  p l a s m a  m e m b r a n e s  r u n  s t r a i g h t  a n d  para l le l  to  
each  o the r  in a d i s t ance  of 22 nm,  a n a r r o w i n g  of t h e  
in te rce l lu la r  space down  to 12.5 n m  over  a sho r t  d i s t ance  

can be observed. The narrowed intercellular gap is 
regularly bridged by a sl~ort series of parallel lamellae 
which are about 15 nm thick. The opacity of the plasma 
membranes is greater than in the neighbouring regions, 
and subjacent to them an accumulation of cytoplasmic 
material becomes evident. Condensations of cytoplasmic 
material under parallel arranged plasma membranes can 
also be found in areas where the intercellular space is not 
narrowed, but where vague intercellular structures suggest 
incomplete sepia (Figure i). Such features could reflect 
sites of new formation of septate junctions 3. 

Very rarely, short septate junctions are also observed 
be tween  t y p e  A or B s p e r m a t o g o n i a  of t h e  n o r m a l  
t e s t i cu la r  t isshe.  B u t  here  t h e  morpho log ica l  fea tu res  are 
n o t  as u n i fo rm  as those  descr ibed  in t h e  f i rs t  case. The  
w i d t h  of t h e  in te rce l lu la r  space var ies  r e m a r k a b l y  f rom 
one j u n c t i o n  to a n o t h e r  (12 to 25 nm),  a n d  the re  is no  
c o n d e n s a t i o n  of cy top la smic  m a t e r i a l  s u b j a c e n t  to  t he  

91 j. ALTORFER, T. FUKUDA and CHR. HEDINGER, Virchows Arch. 
Abt. B 16, 181 (1974). 

Fig. 2. A septate junction between 2 type A spermatogonia in normal 
testicular tissue. The intercellular gap is normally wide, and there is 
no condensation of cytoplasmic material. The arrow points to a 
septum with 2 denser outer lines. • 246,000. 

Fig. 3. More oblique section of a septate junction between 2 type B 
spermatogonia in normal testicular tissue. The septa appear as bars 
spanning the narrowed intercellular gap as well as the apposed 
plasma membranes. In the lower part of the micrograph, the inter- 
cellular space is irregularly dilated; in the upper part the plasma 
membranes are blurred, indicating a possible membrane alteration. 
• 168,000. 
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p l a s m a  m e m b r a n e s .  B u t  aga in  t h e  s ep t a  are a b o u t  15 to  
17 n m  th ick ,  a r r a n g e d  w i t h  r egu la r  pe r iod ic i ty  (Figures  2 
a n d  3), I n  sec t ions  n o r m a l  to  t he  cell surface,  t he  sep ta  
some t imes  show two  ou te r  l ines of h ighe r  dens i ty ,  as 
descr ibed  in  i n v e r t e b r a t e  s e p t a t e  j u n c t i o n s  (Figure  2). I n  
more  obl ique  sect ions,  t h e  sep ta  seem to  cross no t  on ly  t he  
in te rce l lu la r  gap  b u t  also t h e  apposed  p l a s m a  m e m b r a n e s  
(Figure  3). 

The  s ep t a t e  j u n c t i o n s  m o s t  o f ten  occur  b e t w e e n  two  
areas  where  t he  in te rce l lu la r  space is i r regu la r ly  d i la ted .  
The  p l a s m a  organel les  a n d  t h e  nuc leus  of t h e  i n v o l v e d  
spe rma togon ia ,  however ,  r evea l  no pa tho log ica l  p h e n o m -  
ena. As t h e  longes t  j u n c t i o n  could be  fol lowed only  over  
500 n m  a n d  a p p e a r e d  on ly  in  few serial  sect ions,  these  
cell con t ac t s  poss ib ly  r e p r e s e n t  m a c u l a r  s t r u c t u r e s  a n d  
do no t  s u r r o u n d  t h e  cells comple te ly  22. Since we fai led to  
o b t a i n  t a n g e n t i a l  sec t ions  of these  junc t ions ,  no  con- 
clusions r ega rd ing  t he  spacia l  con f igu ra t ion  of t he  sep ta  
can  be  made .  

Discussion. The  s ep t a t e  j u n c t i o n s  b e t w e e n  h u m a n  
s p e r m a t o g o n i a  differ  n o t i c e a b l y  f rom t he  well  def ined 
i n v e r t e b r a t e  s ep t a t e  j u n c t i o n s :  The  sep ta  are more  t h a n  
twice  as th ick ,  and  t h e  pe r iod ic i ty  a b o u t  th ree - fo ld  
g rea te r  t h a n  in i n v e r t e b r a t e  s ep t a t e  junc t ions .  Moreover ,  
t h e  c o n t a c t  a reas  are v e r y  sho r t  and  e x t r e m e l y  rare .  On 
t he  o t h e r  h a n d ,  t h e  pe r iod ic i ty  is v e r y  regular ,  a n d  t he  
s t r u c t u r a l  cha rac te r i s t i c s  in  t he  two  p a t i e n t s  are  v e r y  
s imilar .  
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BULGER a n d  TRUMP 23 emphas ize  t h a t  s ep t a t e  j unc t i ons  
in  r ena l  t u b u l a r  e p i t h e l i u m  of t he  r a t  a n d  t h e  E n g l i s h  
sole appea red  on ly  u n d e r  ce r t a in  e x p e r i m e n t a l  condi t ions .  
Likewise,  YAMAMOTO and  KONDO 24 i n t e r p r e t  t he  s ep t a t e  
j u n c t i o n s  obse rved  b e t w e e n  a d j a c e n t  m i t o c h o n d r i a  of 
r a t s  a n d  ca ts  as a consequence  of excep t iona l  c i rcum-  
s tances .  Our  m a t e r i a l  is too smal l  to  d e t e r m i n e  w h e t h e r  
t he  s ep t a t e  j u n c t i o n s  b e t w e e n  h u m a n  s p e r m a t o g o n i a  are  
rea l  s t r u c t u r e s  or a r te fac ts .  The  o f t en  i r regu la r ly  d i l a t ed  
in te rce l lu la r  space a r o u n d  t he  c o n t a c t  areas  could 
ind ica t e  a ce r t a in  ar t i f ic ia l  m e m b r a n e  a l t e ra t ion .  

An  i n t e r e s t i ng  o b s e r v a t i o n  ha s  r ecen t ly  been  r epo r t ed  
b y  GoRIuS eL al. 2~ and  FLANDRIN et  a1.26 who found  
s ep t a t e  j u n c t i o n s  b e t w e e n  e r y t h r o b l a s t s  in  a case of 
r e f r ac to ry  anemia .  Consider ing  t h a t  s ep t a t e  j u n c t i o n s  
are  a c o m m o n  fea tu re  b e t w e e n  ep i the l ia l  cells of in- 
ve r t eb ra t e s ,  i.e. b e t w e e n  less d i f f e ren t i a t ed  cells, one could 
specu la te  t h a t  in  h ighe r  o rgan i sms  u n d i f f e r e n t i a t e d  cells 
such  as e r y t h r o b l a s t s  a n d  s p e r m a t o g o n i a  u n d e r  c e r t a i n  
cond i t ions  could r e t a i n  t he  p o t e n c y  to  fo rm such  c o n t a c t  
areas.  

Zztsammenfassung. Kurze,  sep t ie r t  aus sehende  Zell- 
v e r b i n d u n g e n  m i t  regelmS~ssiger PeriodizitS~t der  Sep ten  
k o n n t e n  ve re inze l t  zwischen S p e r m a t o g o n i e n  bei  e inem 
P a t i e n t e n  m i t  Fe r t i l i t / i t s s t6 rung  u n d  in n o r m a l e m  
Hodengewebe  nachgewiesen  werden .  Die morpho log i sche  
S t r u k t u r  dieser  V e r b i n d u n g e n  wird  m i t  den  s ep t i e r t en  
Z e l l v e r b i n d u n g e n  der  I n v e r t e b r a t e n  vergl ichen,  u n d  
einige B e z i e h u n g e n  zu s ep t i e r t en  Z e l l v e r b i n d u n g e n  bei  
V e r t e b r a t e n  werden  d i sku t ie r t .  
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Cytology of Experimental Teratomas and Teratocarcinomas 

E x p e r i m e n t a l  t e r a t o m a s  a n d  t e r a t o c a r c i n o m a s  can  
eas i ly  be p roduced  in mice b y  t r a n s p l a n t i n g  gas t ru la -  
t ion  e m b r y o s  to  e x t r a u t e r i n e  s i tes  1, 2. A p p r o x i m a t e l y  5 0 % 
of such  gra f t s  give rise to  m a l i g n a n t  t u m o r s  ( tera to-  
ca rc inomas)  a n d  t he  r e m a i n i n g  50% fo rm b e n i g n  t u m o r s  
w i t h  a l imi t ed  g r o w t h  p o t e n t i a l  ( t e ra tomas)  2. The  p r e s e n t  
s t u d y  s o u g h t  to  d e t e r m i n e  w h e t h e r  b e n i g h  t u m o r s  could  
be  d i f f e r en t i a t ed  f rom m a l i g n a n t  t u m o r s  in  cytologic  
smears  f rom asp i r a t e s  o b t a i n e d  w i t h  a t h i n  needle.  

Material and methods. T e r a t o m a s  and  t e r a t o c a r c i n o m a s  
were p roduced  in  C 3 H / H  mice  b y  t r a n s p l a n t i n g  7-day-old  
mouse  egg-cyl inders  u n d e r  t h e  k i d n e y  capsu le  of adu l t  

i s o g e n i c  hos t s  2. Two m o n t h s  a f t e r  t r a n s p l a n t a t i o n  10 
t u m o r - b e a r i n g  an i m a l s  were sacr i f iced and  a s p i r a t i o n  
w i t h  a t h i n  need le  (0.6 m m  in d i ame te r )  a t t a c h e d  to a 
syr inge  w i t h  a t i g h t  f i t t i ng  p i s ton  was done  f rom solid 
areas  of t umor s .  The  a s p i r a t e d  m a t e r i a l  was  sp read  on a 
slide to  fo rm a t h i n  fi lm, a i r  dr ied  a n d  s t a ined  w i th  
May-Gr f inwa ld -Giem s a  (MGG) or w i t h  h e m a l a u n  a n d  
eosin.  His to logic  slides were m a d e  f rom all  t h e  t u m o r s  
examined .  I n  a d d i t i o n  to  t h e  e m b r y o - d e r i v e d  tumors ,  we 
b iops ied  a n d  s tud ied  r e t r a n s p l a n t a b l e  neurogen ic  t e r a to -  
c a r c i n o m a s  o b t a i n e d  a f t e r  s equen t i a l  r e t r a n s p l a n t a t i o n  

of an  e m b r y o - d e r i v e d  t e r a t o m a  descr ibed  in de ta i l  
p rev ious ly  a. 

Results. 5 of t he  e m b r y o - d e r i v e d  t u m o r s  were classified 
h is to logica l ly  as m a l i g n a n t  a n d  5 a s  benign.  The  basis  for  
t he  d i s t i nc t ion  was t he  presence  or absence  of und i f fe ren-  
t i a t e d  e m b r y o n i c  s t em cells, des igna ted ,  in  accordance  
w i t h  t he  concep t  of PIERCE 4, ' e m b r y o n a l  c a r c i n o m a  cells'.  
These  cells are  t he  on ly  ' m a l i g n a n t ' ,  i.e. r a p i d l y  prol ifer-  
a t ing ,  e l emen t  in t e r a t o c a r c i n o m a s  a n d  are no t  found  in 
b e n i g n  t e r a t o m a s .  Cytological ly  i t  was  n o t  possible  to  
d i f f e ren t i a t e  m a l i g n a n t  f rom b e n i g n  tumors .  Asp i ra t e s  of 
all 10 t u m o r s  c o n t a i n e d  cells in a c o n t i n u o u s  s p e c t r u m  
f rom ful ly  d i f f e r en t i a t ed  to  und i f f e r en t i a t ed .  I t  was  
poss ible  to  i den t i fy  s q u a m o u s  cells, c o l u m n a r  cells w i t h  
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